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Variations in small game hunting along the northern and eastern rims of the Mediterranean Sea and results from predator-prey simulation modeling indicate that human population densities increased abruptly during the late Middle Paleolithic and again during the Upper and Epi-Paleolithic periods. The demographic pulses are evidenced by increasing reliance on agile, fast-reproducing partridges, hares, and rabbits at the expense of slow-reproducing but easily caught tortoises and marine shellfish and, concurrently, climate-independent size diminution in tortoises and shellfish. The results indicate that human populations of the early Middle Paleolithic were exceptionally small and highly dispersed.
The size of a population has much to do with its long-term prospects for survival and the potential impact of random events on its evolutionary history. It is difficult to appreciate or quantify just how small early Paleolithic populations were or how thinly they were spread during much of the Pleistocene. Thus, to assess when human populations grew during the Late Pleistocene, we analyzed trends in the small animal species most commonly eaten by Paleolithic foragers. Paleolithic humans relied on both small animals and ungulates for meat (1) , but predator-prey relations between humans and small animals are more sensitive indicators of changes in human population density (2) because small prey species vary much more than ungulate species with respect to life history and predator avoidance characteristics. In the Mediterranean Basin (Israel and Italy), small animals were important to human diets throughout the Middle, Upper, and Epi-Paleolithic periods (Tables 1 and 2) Other small-bodied species were also consumed on occasion, including doves, waterfowl, hedgehogs, marmots, squirrels, legless lizards, and large snakes as well as ostrich eggs. Damage from fire ( Fig. 1) , tool marks, and percussion fractures from stone hammers link the skeletal remains of small vertebrates and invertebrates to the feeding activities of prehistoric humans (4) . Littoral mollusks and tortoises, the most easily caught small prey species, are also the most sensitive to hunting pressure from humans.
We examined two faunal series for changes in small prey composition, one compiled from archaeological sites on the western coast of Italy (Liguria and Lazio) and another from two sites 1 km apart in the Nahal Meged, an inland valley in the Galilee of Israel (Fig. 2) . Each series spans the Middle through Epi-Paleolithic periods, beginning in Israel about 200,000 years ago (200 ka) at Hayonim Cave (5) and about 110 ka in Italy at Grotta dei Moscerini (6 ) . Each series ends around the Pleistocene-Holocene boundary 10 ka. The Middle to Upper Paleolithic cultural transition occurred about 44 ka in Israel and 36 ka in Italy. The Upper Paleolithic to Epi-Paleolithic transition in each region coincided roughly with the Last Glacial Maximum 20 to 18 ka. Neolithic cultures, which represent the transition from forager (EpiPaleolithic hunter-gatherer) to food-producing economies began Ͻ10.5 ka in Israel and Ͻ8 ka in Italy.
The proportion of small to large game animals taken by Paleolithic humans in the two study areas shows no consistent trend over the past 200,000 years (Tables 1 and 2 ). However, the types of small animals most often consumed by prehistoric foragers-tortoises, shellfish, partridges, hares, and rabbits-shifted dramatically in both areas during the Upper and Epi-Paleolithic, even though the compositions of the biotic communities remained relatively stable (6, 7) .
The small game species form two simple categories on the basis of how easy they are †Counting units are number of identified skeletal specimens for vertebrate remains and minimum number of individuals for marine mollusks; the latter is used to correct for differences in average specimen size.
‡Special purpose occupation based on paucity of terrestrial resources.
§Inland site for comparison with Late Epigravettian assemblage from Riparo Mochi. to catch and intrinsic potentials for population growth. We term these prey types "slow" and "quick." Tortoises and marine shellfish (in shoreline sites) dominate the Middle Paleolithic record of small game use (Fig. 3 ). Tortoises and most littoral shellfish are immobile or sluggish (essentially sessile) and, once discovered, are easy to collect. Because of their low metabolisms and long life-spans, these animals can exist at high densities in some habitats, where they become attractive prey. Tortoises and shellfish mature relatively slowly, however, requiring several years to reach reproductive age (2) , and individuals continue to grow well into their adult years. Agile, warm-blooded animals that mature rapidly (Ͻ1 year)-mostly partridges and hares in our archaeofaunal samples-became important in human diets only later in each series (8): birds in the early Upper Paleolithic, followed by lagomorphs in the EpiPaleolithic (Tables 1 and 2 ). The youngest (Late Epigravettian) assemblage from Riparo Mochi in coastal Italy presents an exception to the trend described above in that shellfish were practically the only prey consumed (isolated point in Fig. 3 ), but it is clear that birds and lagomorphs were important at contemporaneous inland sites (Table 1 ) such as at Grotta Polesini (6, 9) and Grotta Palidoro (6, 10) . By contrast, where small game are present in Middle Paleolithic sites at all, the focus invariably was on the easily caught types.
Tortoises and shellfish continued to be consumed during the Upper and Epi-Paleolithic periods, but they figured less prominently with respect to total small game intake. The range of species targeted by human foragers changed little with time except as conditioned by the categorical increase in the exploitation of birds, an inherently diverse taxonomic group. Overall, however, few of the many bird and small mammal species known to have inhabited the Mediterranean Basin at the time were routinely taken (6, 7). More significant is increasingly even use of high-ranked (slow) and low-ranked (quick) small prey types with time.
Further evidence that the shifts in prey species resulted from hunting pressure and not simply climate or environmental change is that the mean sizes of slow-growing prey types decreased. Diminution was sudden for tortoises (T. graeca) in Israel (Fig. 4) (Fig. 5) . In each region an abrupt, significant decline in the average size of individual prey collected by foragers was sustained across major oscillations in world climate, as inferred on the basis of oxygen isotope stages and pollen and rodent chronologies (13) . The diminution trends in tortoises and limpets thus are not explained by climate change or by local species replacement.
Predator-prey simulations (2) show that humans' decreasing emphasis on and coincident size suppression in slow-growing taxa could easily have resulted from overharvesting, especially if the intervals between exploitation events were shortened as human populations grew. The predator-prey simulations use life history parameters for modern Mediterranean tortoises (T. graeca and Testudo hermanni), partridges (P. perdix and A. chukar), and hares (Lepus europeaus, L. capensis, and certain North American species). Hunting offtake was increased incrementally as a percentage of the whole population until that population crashed. Population growth and the effects of hunting pressure were modeled under favorable and subaverage conditions, which produced a toler- ance range for each type of prey rather than a single, averaged measure of resilience. Differing maturation rates among the three kinds of prey proved crucial and, because of this, hare and partridge populations were minimally 7 to 10 times as resilient as tortoise populations to sustained hunting pressure (Fig. 6) . Ease of capture accounts for the apparently high ranking of tortoises and littoral shellfish by Middle Paleolithic foragers. We did not model shellfish populations, but earlier studies suggest that, under conditions of intense predation, the marine mollusks normally eaten by humans are only somewhat more resilient than tortoises (14) .
The prevalence of tortoise and shellfish remains in some Middle Paleolithic sites is remarkable in light of the simulation results. Shellfish and tortoises constitute at least 46% of the total number of large-and small-bodied animal remains in the early Middle Paleolithic site of Grotta dei Moscerini, Italy. Tortoises, along with a few large lizards and ostrich eggs, constitute as much as 52% of specimens identified in the early Middle Paleolithic layers of Hayonim Cave, Israel, and the tortoises collected by early Middle Paleolithic foragers were quite large on average. A high and sustained dependence on these slowmaturing animals for complete dietary protein and other nutrients implies that early human populations were exceptionally small, even by later Paleolithic standards, and that early Middle Paleolithic humans did not spend much time foraging in any one vicinity.
The trends in Paleolithic small game use can serve as a demographic barometer (2, 15) . Human populations in the northern and eastern Mediterranean appear to have grown in a series of pulses, which began earlier in the east. Paleolithic foragers of the Mediterranean Rim could not dispense with small game when easily collected types were in short supply. What were once occasional shortages of highly ranked (slow) types in the Middle Paleolithic, evidenced by the rare presence of bird and lagomorph remains in the archaeofaunas, became chronic shortages 44 to 35 ka because of hunting pressure, which forced people's attention to fleeter (lower ranked) prey types. By contrast, early humans were uniformly interested in the large packages of meat that ungulates represent: there is remarkably little evidence for choosiness on the part of Paleolithic hunters when procuring ungulate species in our study areas (6, 16 ) , apart from the elevations at which people were willing to travel to find them (17) , and there are no trends in the relative contribution of ungulates to total game consumed. There appears to have been more room for adjustment in the exploitation of small animals.
Hunter-gatherers of the historic era normally obtain game birds and lagomorphs in quantity only with the help of special tools that take time to make and maintain [nets, snares, and barbed weapon tips (18) ] or through communal game drives (19) . We conclude that the key to ancient humans' lower ranking of birds and lagomorphs was the ability of these animals to escape quickly, which translates to a high work of capture that could be reduced only with trap-related technology. In western Asia, the timing of tortoise diminution shows that human populations increased substantially before the remarkable and rapid technologic innovations (radiations) that mark the Upper and Epi-Paleolithic periods (20) . Our results show that the breadth of the human diet increased during the Upper and Epi-Paleolithic (21) and support the notion that population pressure played a significant role in the evolution of Late Pleistocene human cultures (22) . Mobility was the preferred solution to local resource scarcity throughout much of prehistory. Any loss of mobility options is a grave matter for people who live by hunting and gathering. The changes in prey species during the Mediterranean Paleolithic nonetheless indicate demographic packing and associated reductions in mobility (22) . The diversity of prey species consumed by humans did not substantially increase with time as supposed (23); rather, humans responded to differences in the defense mechanisms of a few key prey species as human population densities grew. Quite by accident, the differences in prey defense mechanisms to human predation correspond closely to differences in prey population resiliencies. These characteristics in turn affected the relative availability of slow and quick types as predator pressure increased. Intensified use of just a few species, a tendency also diagnostic of food-producing economies of the Neolithic, has its origins in the hunting and gathering lifeways of the later Paleolithic.
Anatomically modern humans are thought to have evolved within the Middle Paleolithic period and overlapped for some time with human populations possessing archaic features (for example, the Neandertals). With so few people on earth, replacement of one human population with another could have involved minor differences in the intrinsic rate of increase, such as from a modest improvement in child survivorship. Low human population densities during most of the Middle Paleolithic imply that group sizes and social networks were small, which certainly limited the numeric scope of individual interactions. Under these conditions the possibilities for evolution of complex sharing and exchange behavior as ways to counter the effects of unpredictable resource supplies would also have been quite limited (20) . The value of more diverse and efficient foraging equipment may have been lower as well. Our data imply that Middle Paleolithic foragers simply did not experience the types of demographic and economic stresses that would tend to accelerate technological and social evolution of the sort typical of the Upper and Epi-Paleolithic. The zooarchaeological data, which can be dated and tied to region, clarify the timing and geographic centers of rapid population growth suggested by research on human molecular phylogenetics (24) . Comparison of hunting tolerance thresholds for tortoise (4 to 7%), partridge (22 to 65%), and hare (18 to 53%) populations in high (HGM) and low (LGM) growth models. Tortoise populations are far less resilient than partridges and hares to predator effects. Upper horizontal bars are crash thresholds, above which predators' dependence on that prey type is unsustainable; vertical bars represent range of variation in population resilience between the LGM and HGM; *, HGM threshold value is conservative and may be higher.
